Introduction {#S0001}
============

The American Heart Association (AHA) describes heart failure (HF) as a complex clinical condition due to the inability of the heart to pump adequate blood to meet the metabolic needs of the body. This illness can be caused by structural disruption or dysfunction in the ventricular filling or ventricular contraction. In developed countries, coronary artery disease (CAD) is the main cause of HF in both genders and is responsible for 60--70% of HF cases. Seventy-five percent of patients with hypertension are also diagnosed with HF which often includes CAD patients.[@CIT0001] High blood pressure, CAD, diabetes mellitus[@CIT0001],[@CIT0002] and Myocardial Infarction (MI) are among the factors which increase the chance of HF.[@CIT0001]

Neurohormonal hypothesis is now one of the best justifications for the pathophysiology of HF. The activation of endogenous neurohormones, including norepinephrine, angiotensin II, aldosterone, vasopressin, and a number of pre-inflammatory cytokines play an important role in cardiac remodeling and thus progression of HF. Drugs used to modulate neurohormonal activity may hinder the progression of HF and reduce mortality rate[@CIT0003].

Drugs such as angiotensin-converting enzyme (ACE) inhibitors, Angiotensin II Receptor Blockers (ARBs) and β-blockers are widely used in different stages of HF. Evidences support the positive effect of these drugs in survival of HF patients.

β-Blockers decrease cardiac work and reduce morbidity as well as mortality rate in mild-to-moderate cases of HF. Therapy with carvedilol, the β-Blocker of choice in HF, not only increases life expectancy of these patients, but also improves clinical outcomes by reducing hospitalization and preventing arrhythmic complications in symptomatic HF.[@CIT0004]

Interleukin 33 (IL-33) is an intracellular nuclear factor that focuses on the nucleus by its terminal amines and can be attached to the heterochromatins.[@CIT0005] Human IL-33 gene located on chromosome 9, codes for 270 amino acids.[@CIT0006] Although the physiological role of IL-33 as a nuclear factor is not fully understood, it seems that this cytokine is involved in transcriptional regulation by binding to nucleosomes and regulating the density of chromatins.[@CIT0007] Fibroblasts, epithelial and endothelial cells, especially endothelial venules are the main sources of expressing IL-33.[@CIT0006] Lower expression levels of IL-33 were found in lymph tissue, spleen, pancreas, kidney, and heart.[@CIT0008] IL-33 as a new member of the IL-1 family exerts its effects by binding to its receptor ST2. ST2 is a member of the IL-1R/TLR superfamily with three isoforms: soluble form, sST2, which is expressed in embryonic tissues, mammary tumors, and fibroblasts.[@CIT0009] Trans membrane form ST2L, a membrane-anchored long form, which is restricted to the surface of T-helper 2 (Th2) cells and mast cells[@CIT0010] and Variant form, ST2V, which is expressed mainly in gastrointestinal organs such as stomach, large and small intestine, and spleen.[@CIT0011]

IL-33 increases Th2-dependent immune responses by binding to its dimeric receptor, and thus exerts its biological activity. This receptor is a complex of ST2L and receptor accessory protein.[@CIT0006] sST2 prevents IL-33 and ST2L interactions and limits the biological activity of IL-33. IL-33 has a dual role in different diseases. By promoting Th2 immune response, it reduces atherosclerosis,[@CIT0006] obesity[@CIT0012] and cardiac remodeling.[@CIT0008] Contrariwise it develops diseases such as asthma, atopic dermatitis, and anaphylaxis.[@CIT0006] Accordingly, the IL-33/ST2 pathway plays a fundamental role in the cardiovascular system[@CIT0013]--[@CIT0016] and can be considered as a new therapeutic strategy for the treatment or prevention of cardiovascular diseases.[@CIT0008] It has been pointed out repeatedly that the signal derived from the IL-33/sST2 complex may affect fibroblasts and myocytes function in the heart and exert cardioprotective properties.[@CIT0017]

According to all the explanations given, this hypothesis raised that one of the mechanisms of carvedilol in HF may be due to its effect on the IL-33/sST2 pathway. Our study further investigated the aforementioned hypothesis.

Materials and Methods {#S0002}
=====================

Sample Collection {#S0002-S2001}
-----------------

This study was carried out in accordance with The Code of Ethics of the World Medical Association (Declaration of Helsinki) and Uniform Requirements for manuscripts submitted to biomedical journals and was approved by the local committee for ethics of medical experiments on human subjects of Shiraz University of Medical Sciences with the ethical approval number of 15,870. We obtained written consent from all participants prior to the interview. We used the infrastructure of a local hospital-based disease registry system FaRSH which has enrolled patients admitted with a diagnosis of systolic HF since July 2015. The main inclusion criterion was left ventricular ejection fraction (LVEF) of \<50%. Fifty-five patients with diagnosis of systolic HF secondary to ischemic heart disease were recruited in the study. Patients were matched according to age, sex and body mass index (BMI). Those with severe valvular heart diseases, GFR\<30 mL/min and significant comorbidities were excluded in the first place.

A total of 66 individuals comprised 22 healthy subjects and 44 patients diagnosed with HF were enrolled in our study. Among 44 HF patients, 25 individuals (case group) received carvedilol for at least three months, the dose of which ranged from 6.25 mg to 25 mg in twice daily. β-blockers were contra indicated in the other 19 patients (control group) due to severe sinus bradycardia and partial atrioventricular (AV) block.

The exclusion criteria for healthy individuals was the absence of cardiovascular diseases, HTN, hyperlipidemia, diabetes, malignancies, and autoimmune, neurologic and psychiatric diseases. All healthy participants were non-smokers.

Blood samples were taken and remained at room temperature for 2 hours. Thereafter, they were centrifuged for 10 minutes at 3500 rpm at 2--8°C. The supernatants were stored at −20°C for further analysis.

Measurement of Serum IL-33 and sST2 {#S0002-S2002}
-----------------------------------

Human sST2 (soluble ST2) ELISA Kit[@CIT0018] from Elabscience Company and ab119547-- IL-33 Human ELISA Kit[@CIT0019] from Abcam Company were used to measure the level of IL-33 and sST2.

Human sST2 (soluble ST2) ELISA Kit is based on Sandwich-ELISA principle. Samples and standards were added to the micro ELISA plate wells pre-coated with Human sST2 antibody and combined with the specific antibody. Thereafter, Avidin-Horseradish Peroxidase (HRP) conjugate and a biotinylated detection antibody specific for Human sST2 were added sequentially to each well and incubated. Free components were washed away. The next step was adding the substrate solution to each well. Wells containing Human sST2, biotinylated detection antibody and Avidin-HRP conjugate appear blue in color. In order to terminate the enzyme-substrate reaction the stop solution was added to each well and the color turns yellow. The optical density (OD) was measured using UV spectrophotometer at a wavelength of 450 nm.

For IL-33 assay, samples and standards were added to each well pre-coated with IL-33 specific antibodies and incubated at room temperature. Following washing, a Biotin-conjugated anti-Human IL-33 detection antibody was added to each plate and incubated again at room temperature. After washing, Streptavidin-HRP conjugate was added to each well, incubated at room temperature and washed again. The last step was adding TMB to each well to be catalyzed by HRP in order to produce a blue color product. By adding acidic stop solution, the color changes into yellow which will be detected at a wave length of 450 nm using UV-spectrophotometer.

Statistical Analysis {#S0002-S2003}
--------------------

Continuous variables were reported as Mean ± SD. Normality of the data was analyzed by Kolmogorov--Smirnov test. Continuous variables were compared using a parametric test (Student's *t*-test). Since both sST2 and IL-33 had normal distribution two-tailed Student's *t*-test was used to compare the mentioned parameters between different groups of our study. For the comparison of proportions, the χ 2 test was used, with Yates or Fisher's corrections applied when needed. In order to omit the role of confounders, linear regression analysis was performed. For calculating the concentrations, logarithmic graphs in Excel 2013 were used. All statistics were conducted using SPSS, version 22.0. P values \<0.05 were considered statistically significant.

Results {#S0003}
=======

A total of 66 Individuals comprised 22 healthy subjects (male/female: 11/11; age: 65.2±10.2; BMI: 23.2±0.9) and 44 patients diagnosed with HF (male/female: 24/20; age: 66.0±11.1; BMI:24.4±0.6) were enrolled in our study. Demographical characteristics of healthy subjects are demonstrated in [Table 1](#T0001){ref-type="table"}. Demographical and clinical characteristics of HF subjects are presented in [Table 2](#T0002){ref-type="table"}. No significant difference was observed between two groups regarding different parameters (P\>0.05). [Tables 3](#T0003){ref-type="table"} and [4](#T0004){ref-type="table"} show serum concentrations of IL-33 and sST2. Lack of association between serum levels of IL-33 and sST2 was observed comparing HF patients with healthy individuals. (2.45 ± 0.69 vs 2.67 ± 0.33 and 3416.6 ± 1089.1 vs 2971.6 ± 792.5, respectively). Comparing HF patients treated with carvedilol and non-treated patients, serum sST2 levels showed no significant difference (P=0.59). Regarding IL-33, our results showed no significant difference between the two mentioned groups (P=0.97).Table 1Demographic Characteristics of Healthy IndividualsCharacteristicsHealthy Individuals (n=22)Age (years)65.2 ± 10.2Male/female (n/n)11/11BMI (kg/m^2^)23.2 ± 0.9 Table 2Characteristics of Patients Receiving Carvedilol (Case) and Patients Not Receiving Carvedilol (Control)CharacteristicsCase (n=25)Control (n=19)P-valueAge (years)64.83± 11.0367.25± 11.060.44Male/female (n/n)14/1110/90.533BMI (kg/m^2^)24.3 ± 0.524.5 ± 0.80.756Diabetes mellitus (N,%)10 (40.0%)8 (42.1%)0.566Smoking (N, %)8 (32.0%)7 (36.8%)0.492HTN (N,%)11 (44.0%)12 (63.1%)0.434LVEF (mean±SD)33.6 ± 1.6830.8 ± 2.720.35AF (N,%)4 (16.0 %)1 (5.3%)0.270Heart valve disease (N,%)4 (16.0%)3 (15.8%)0.657DCM (N,%)3 (12.0%)3 (15.8%)0.525Hyperlipidemia (N,%)14 (56.0%)10 (52.6%)0.532Stroke (N,%)1 (4.0%)1 (5.3%)0.683Previous MI (N, %)13 (56.0%)11 (58.0%)0.467History of malignancy (N, %)2 (8.0%)2 (10.5%)0.585[^1] Table 3sST2 and IL-33 Levels in Healthy and Heart Failure (HF) SubjectsParameterHealthy Group (Mean ±SD)HF Group (Mean ±SD)P-valuesST2 concentration2971.6 ± 792.53416.6 ± 1089.10.064IL-33 concentration2.6748 ± 0.332.4466 ± 0.690.081 Table 4sST2 and IL-33 Levels in HF Patients Treated with Carvedilol (Case) and Patients Not Receiving Any β-Blockers (Control)ParameterCase (Mean ±SD)Control (Mean ±SD)P-valuesST2 concentration3493.8 ± 1083.33315.1 ± 1117.9P=0.59IL-33 concentration2.42± 0.862.47 ± 0.30P=0.97

Discussion {#S0004}
==========

Since the discovery of sST2 and its natural ligand, IL-33 in early 2000, attention was paid to the signaling cascade of IL-33/ST2. Some studies in animal models concerning this cascade have been performed but details regarding IL-33 and sST2 levels in HF patients treated with β-blockers such as carvedilol have not been reported to date. In many studies, the benefits of β-blocker therapy in HF have been well documented.[@CIT0004],[@CIT0020],[@CIT0021] β-blockers have effects on beta-adrenergic receptors and inhibit the sympathetic system, thereby preventing the progression of HF by controlling cardiac remodeling.[@CIT0022] As it is known, sST2 is produced by cardiac fibroblasts and cardiomyocytes under conditions of cardiac damage and plays a significant role in cardiac remodeling.[@CIT0023] sST2 function is achieved by binding to its ligand, IL-33 which is produced by cardiac fibroblasts. IL-33 inhibits hypertrophy of cardiomyocytes, fibrosis and apoptosis.[@CIT0017],[@CIT0024] Probability of the effect of β -blocker therapy on IL-33/sST2 complex is still not fully understood.

Based on previous reports, we hypothesized that there may be a relationship between the cardioprotective effects of carvedilol and the two parameters of sST2 and IL-33.

Regarding the function of sST2, an increase in sST2 level is reported to be associated with weak cardiac output and left ventricular function. Thus, its level can be a predictor of mortality risk in cardiovascular patients or HF patients.[@CIT0006],[@CIT0016]

Comparison of serum sST2 level between HF patients and healthy individuals in our study showed lack of association with HF (P=0.064). Previous studies that solely measured plasma sST2 in patients with cardiovascular diseases reported a significant increase in this parameter. It is notifiable that patients enrolled in previous studies had sudden cardiovascular incidence and did not have any mild and stable conditions. For example, serum sST2 level increases in acute MI (AMI) patients 1 day after stroke[@CIT0025] and sST2 levels predict probable deaths and HF in patients who had been admitted with MI.[@CIT0026],[@CIT0027] Also, the level of sST2 predicts the recovery effects of left ventricular function and remodeling after MI.[@CIT0028] In fact, many studies measured the level of this parameter in various cardiovascular diseases, most of which emphasized on the changes in this parameter after a cardiovascular event. In this regard the percentage of changes in the level of sST2 in HF patients might predict the occurrence of sudden events and even mortality. A report suggests that sST2 levels are lower in patients with mild HF who have not had sudden cardiac events.[@CIT0029] Patients with systolic HF represent higher serum levels of sST2 compared with patients confronting mild cardiac failure with preserved ejection fraction.[@CIT0030] Our results might be justifiable by the fact that enrolled patients in our study although suffered from HF, but did not have any sudden cardiac events and represented a milder condition, therefore did not exhibit high enough levels of sST2. Therefore, the difference regarding sST2 levels between HF patients and healthy subjects was not statistically significant. However, serial measurements of serum levels of sST2 would have further helped predicting and assessing the status of these patients.

Our study also showed lack of association between serum levels of IL-33 and HF. Studies have shown that IL-33 has a dual role in various diseases such as evoking Th2 immune response, reducing atherosclerosis[@CIT0006],[@CIT0031] and having a protective effect on cardiac remodeling[@CIT0008] and cardiac diseases.[@CIT0017] Contrariwise, an increase in plasma levels of IL-33 may be indicative of an autoimmune or a chronic disease.[@CIT0032] So signals related to IL-33 pathway can have both pro-inflammatory and protective properties.[@CIT0031] IL-33 also has the ability to inhibit angiotensin II and phenylephrine, which can cause cardiac hypertrophy and increase generation of reactive oxygen spices (ROS) in cardiomyocytes.[@CIT0017] It may be postulated that complications and morbidity observed in HF patients may be due to decreased levels of IL-33[@CIT0033] which was not confirmed by our results. It is worth mentioning that the negative results achieved might be due to the small sample size of enrolled patients.

Among the study individuals, 16 patients did not receive any β-blockers, and 25 patients were carvedilol recipients. There was no statistically significant difference between the serum levels of IL-33 between these groups. But it is worth noting that the highest serum level of IL-33 in recipients of beta-blockers was 6.1 pg/mL, while this amount was as high as 3.06 pg/mL in patients who did not receive any β-blockers.

Recruiting patients who do not receive β-blockers is a challenging task. Since in a controlled disease registry system only those with contraindications to β-blockers were eligible to be enrolled in our study, only 19 patients were fit to be included which accounted as one of the major limitations of this study. Additionally, genetic variants on different isoenzymes of CYP450, mainly CYP2D6 are known to affect serum levels of carvedilol and as a result, may influence clinical outcomes of patients. Existence of various polymorphisms on both target receptors and metabolizing enzymes such as CYP2D6 cause variations in carvedilol serum level as well as its signaling effects, respectively, and hence influence clinical outcomes.[@CIT0034],[@CIT0035] Measuring serum levels of carvedilol in both groups of HF patients along with genotyping of CYP2D6 may provide more vivid results in future studies.

Lack of observing association between the cardioprotective effect of carvedilol and serum levels of IL-33 and sST2 between two groups of HF patients is probably due to small sample size of eligible enrolled patients. However, this study may provide a clue for future studies with larger sample sizes.

Conclusion {#S0005}
==========

Our results showed lack of association between serum levels of IL-33 and sST2 with HF. Additionally, the results did not confirm the cardio protective mechanism of carvedilol by means of IL-33/sST2 pathway.
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[^1]: **Abbreviations**: SD, standard deviation; HTN, hypertension; LVEF, left ventricular ejection fraction; AF, atrial fibrillation; DCM, dilated cardiomyopathy.
